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FLAME CULTIVATION
By
Harold T. Barr
The use of flame for killing or controlling weeds and grasses in the
crop row has received much attention in the past few years. The scarcity
ot labor during the war, the increasing price of labor, and the uncer-
tainty of having sufficient labor when needed, have caused farmers to
take bold of many machines and methods that will produce crops with
less labor and cash outlay. For the past few years considerable effort
has been put forth in developing mechanical side hoes, mechanical
blockers, chemical sprayers and the use of flame, all in the hopes ofproducing crops with fewer man hours and at a more economical price.
The principle of using flame is to project a hot blast of gases upon
the small weeds and grasses in and around the base of the growing
plant. The flaming should be performed while the grasses and weeds
are small for best results. The length of the exposure required to control
or kill weeds varies greatly, depending upon the weed, age of the plant
weather, growing conditions, etc.
Johnson grass growing in sugarcane can be controlled to a fairdegree by starting on the grass as soon as it is 2 to 5 inches tall. However
if the Johnson grass is 12 to 18 inches tall and the sugarcane of about the
same size or slightly taller, then a severe burning to control the grass will
retard and damage the sugarcane. In some cases where severe burnings
were used, the sugarcane yields were lowered so much that it would havebeen better to have used no control, other than conventional cultivation.
In one series of tests on nine cuts with a corresponding number of
check cuts the average sugarcane yield was one ton per acre higher onthe flamed plots as compared to that on the hand-hoed check plots The
number of stalks per 100 feet of row, brix, sucrose, and purity were al-
most exactly the same when comparing flamed against hand-hoed. Inhis series of tests the burners were set to hit the ground at the base ofthe sugarcane and the rate of travel was maintained very close to two
miles per hour In other tests in which the set of the burners was not
watched and the rate of travel was irregular, the yield was lowered two
to three tons ot sugarcane per acre.
The following are some types of grasses that can be successfully
controlled: sheep foot, wild parsley, indigo, crab grass, tievines, cockle-bur, nut grass, and water grass. Intensive application of heat is not
advisable, since frequent scorching is a more effective method of con-
trol Be sure burners are set the proper distance from the plant rowthat the correct uniform speed is maintained, and the flame shikes theground at the base of the plant. In order to get a good economical kill
of grass and weeds the flame should be 12 to 15 inches long with an
average temparture of between 1,800 and 2,000 °F. With the above
temperatures, a speed of two miles per hour has proved satisfactory
under average conditions. The number of flamings in sugarcane will
depend entirely on the season and the amount of weed and grass infes-
tation; normally three or four applications will be required.
Cotton should be 6 to 8 inches or more in height, or about 3/16 inch
in diameter at the ground at the time of the first flaming. With 6-inch
cotton the burners must be mounted and so controlled as to keep the
hot gases from direct contact with the leaves or they will be scorched and
killed. Some growers are using a mechanical device for covering small
cotton of 2 to 6 inches in height, and burning out the cotton in the drill
between the covered plants. The cylindrical covers should be at least
14 inches in their long dimension so as to allow for some variation in
rows and driving of the tractor. The distance between hills may be varied
by changing the number of cylindrical covers and size of wheel. A typical
unit for this purpose is shown in Figure 1. The flame method of chopping
cotton is best performed by setting the burners directly opposite each
other and allowing one burner to strike at the ground line and the other
about 2 inches above the ground. The above burner setting will be sure
to kill all the leaves and the plant and not allow it to struggle on as a
half-sick or stunted plant.
tractor fuel.
Two-vear tests and observations in Louisiana, Mississippi, and Ala-
bama indicate that flaming to control weeds and grass in cotton has a
definite place in the mechanization of the crop. Flaming enables more
acres to be handled per man and a cheaper cost of production per pound.
With the mechanical harvester, the elimination of all grasses by flaming
at later dates than normal hoeing, will result in a much better sample
of cotton.
Devices or implements for flaming crops are many and varied in
design. In 1900 patents were granted on an "insect-destroyer" which
consisted of four burners, two on either side of the row, together with
proper fuel tank and pipes for mounting on a one-row cultivator. A little
later another patent was granted on a "burner or torch whereby extrane-
ous growths may be burned from plants of various kinds, or' from the
ground around the roots of plants, or in places which are otherwise in-
accessible to ordinary weed and growth destroying implements, such
as hoes, cultivators, and the like, and has for one of its objects to provide
a simply constructed device which may be carried from place to place,
and in which some form of hydrocarbon liquid, such as crude kerosene
oil, or the like, is employed as a fuel, and which may be readily adjusted
to direct the flame of the torch or burner in any' required direction."
In 1943 a patent was granted on a "Method of Cultivation of Plants"
by flame and in 1945 another patent on a "Machine for Flame Cultiva-
tion of Plants," and still later in 1945 another patent was granted on
an "Apparatus for Flame Cultivation of Plants." Other patents were
issued during 1946 on "Flame Cultivating of Plants" and "Weed Burners."
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Because of necessity many farmers have built their own flame cul-
tivators in the past few years in order to get such a unit. Previous to 1945,
only one fabricator (as far as is known) was offering a machine especially
built for row crop flaming, and this in a limited area and limited number.
A typical simple one-row unit built from an old cultivator is shown
in Figure 2. In this unit a 20-gallon fuel tank with built-in hand pump
Figure 4. — One-row butane or propane flame cultivator.
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for maintaining 25 to 40 pounds pressure is mounted on top of the imple-
ment and connected by pressure hose to two generating burners. The
burners are carried on skids on either side of the row. This implement
was used with light tractor fuel with success in sugarcane during the
1943 crop.
An adaptation of this same idea is shown in Figure 3. This machine
was built on a plantation that has its own machine shop and welder. In
this machine the fuel is put in an old galvanized water tank and pressure
is maintained by a 2-cubic-foot compressor driven by a one-horsepower
air-cooled engine. This unit uses the generating type burners with kerso-
sene or light tractor fuel. The machines shown in Figures 2 and 3 will
burn approximately one gallon of fuel per burner per hour.
In Figure 4 is shown the simplest form of flame cultivator. This con-
sists of a 20-gallon tank of compressed propane gas, a reduction valve,
a pressure gauge, a few pieces of pipe, a flexible pressure hose, two
burners, and skids. The flame unit is mounted on an old cultivator.
Where compressed petroleum gases, propane or butane, are available,
they can be used and will eliminate the need for a compressor and engine
or power take-off.
In Figure 5 is shown a two-row flame cultivator attachment that
can be mounted on any standard cultivating tractor. The unit is self-
contained and is easily attached by placing two clamps over the rear
axle, two brace rods to the drawbar, and connecting to the hydraulic
system on the tractor. In case it is desirable to remove the drawbar, the
braces may be attached to the bottom of the axle housing, or truss braces
may be run from the top of the tank to convenient locations on either
side of the engine.
The flame cultivator consists essentially of a channel iron frame,
a 70-gallon (butane or propane) tank, a 2-inch extra heavy pipe drawbar'
three 1-1/4-inch pipes with slides and the necessary burners, pipe, flex-
ible hose, regulator, and pressure gauge.
A 70- or 80-gallon tank will be found satisfactory for a two-row
machine but a larger tank would be preferred for a four-row machine
in order to prevent filling in the middle of the day.
The flame cultivator can be built for a fixed row spacing or can be so
constructed as to allow for different row widths, as shown in Figure 5
detail 'W".
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The flame cultivator as shown in Figure 5 is equipped with self-
vaporizing burner as shown in Figure 7, and requires only a constant
pressure valve in the liquid line near the tank for controlling and shut-
ting off the fuel. A pressure gauge, range 50 pounds, is desirable on the
low pressure side of the constant pressure valve, to assist the operator
in getting a quick setting of the burners.
Some have offered considerable opposition to the use of compressed
petroleum gases, claiming dangerousness and lack of sufficient heat and
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drive in the flame. With proper safeguards the dangerousness can be
overcome and by choosing the proper burners all the drive and heat
needed can be obtained. Several commercial burners tested were not
adaptable to this use and failed to give the type flame required. The
burner shown in Figure 6 gave a good kill on young grass at 10 to 15
pounds pressure, burning butane or propane. If this is your first
experience with a flame cultivator, start off at 15 pounds vapor pressure
on the burner. If this amount of flame is not killing the grass at the
speed you are using, then increase the pressure gradually, raising it until
a satisfactory weed and grass kill is secured without damage to the
crop. Pressures of 40 to 50 pounds are being used successfully in some
instances with the tractor speed being varied according to density and
age of the grass. This burner is made from a piece of 2-inch black iron
pipe 10 inches long, with a 2-inch section cut away on each side near
one end as shown in Figure 6, as a vent for air entrance. The gas is fed
into this vented end by a 1/4-inch pipe in the center of the 2-inch pipe.
LOCK NUT
END OF PIPE TO BE
CAPPED OR WELDED
SHUT
DRILL AND TAP FOR
'/4* PIPE
B
! 4" PIPE
1
SIDE VIEW OF GAS BURNER CONSTRUCTED OF 2" PIPE
B- ALEMITE FITTING BALL REMOVED
TOP VIEW OF GAS BURNER
-tfe SIZE
A
-SECTION CUT OUT
C- MAY OR MAY NOT BE CUT OUT
Figure 6. — Louisiana State University burner.
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For best results, set end of alemite fitting about 1/8 inch inside of the
6-inch section *6 burner. Tests with this burner with different size open-
ings in the tip gave ihe following results:
Size of V«P°r
Opening in Pressure
Burner Tip on Burnet^
1/16" = .064"
No. 55 wire drill = .052"
Gallons
Per
Hour
10 lbs.
15 lbs.
10 lbs.
15 lbs.
1.49
1.70
1.04
1.14
Use the lowest pressure and smallest size tip that will give a satis-
factory weed kill at the rate of travel normally used.
The burner shown in Figure 6 is convertible to a liquified petroleum
gas burner for butane or propane by adding a vaporizing chamber as
shown in Figures 7 and 8. In Figure 7 a piece of 3-inch pipe is welded in
JACKET SELF GENERATING BURNER
Figure 7. — Louisiana State University jacket self generating burner.
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place around the burners to make an expansion or vaporizer chamber.
In Figure 8 a piece of 1/4-inch black iron pipe is heated and coiled
around the burner forming the vaporizer chamber. Both have been used
successfully but the coiled pipe has given less trouble from scale getting
into the tip. &
1/4 PIPE^
H''2
6'
2" PIPE
A
COILED SELF GENERATING BURNER
Figure 8. — Louisiana State University coil self generating burner.
Butane is more widely distributed than propane and lends itself to
more uses, such as in the manufacture of artificial rubber; hence, it may
be diverted to such use and command a higher price. Therefore the
equipment should be designed for the working pressure of 200 pounds
that is required for propane. Butane requires a 100 pound working pres-
sure, and if the equipment is designed for propane, then either may be
used. J
Comparison of Properties of Propane, Isobutane and Butane
Property D , . .Propane Isobutane Butane
1. B. T. U. per cu. ft. of gas measured at 60°F.
and atmospheric pressure (30 in. Hg.) 2,520 3,270 3 270
2. B. T. U. per lb. of gas
; 21,600 21,300 21,300
3. Range of inflammability of gas in air* per cent
gas in air-gas mixture 2 .4 to 1.85 to 1.8 to
4 v il • 9 - 5% 8.4% 8.4%Vapor pressure, lbs. per sq. in. gauge
at 60°F. 92 24
at 100°F.
172 59 37
5. Lbs. per gal. of liquid at 60 °F, and storage tank
pressure (vapor pressure at 60°F.) 4 24 4 70 4 85
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6. Specific gravity of liquid at 60°F.,
water equals 1.00 , 0-509 0.564 0.584
7. Boiling point of liquid at atmospheric pressure .- -44°F. 10°F. 32
a F.
8. Cu. ft. of gas (60° F., atmospheric pressure)
per lb. of liquid 8-59 6.51 6.51
9. Cu. ft. uf gas (60°F., atmospheric pressure)
per gal. of liquid measured at 60°F. 36.5 30.7 51.8
10. Specific gravity of gas, air equals 1.00 1-52 2.00
2.00
*
"Limits of Inflammability of Gases and Vapors," H. F. Coward and G. W. Jones, U. Si
Bureau of Mines, Bulletin 279.
In some sections of the country the liquified petroleum gas that is
being sold is not pure propane, isobutane, or butane, but a mixture of
these gases. The pressure in a cylinder of liquified gas depends not only
upon the per cent of each gas in the cylinder but also upon the tempera-
ture. The characteristics of the various liquified petroleum gases can be
understood better by referring to the above table.
With propane the rate of evaporation from a liquid to a gas without
supplementary heat (70 °F. outside temperature) was sufficient to keep
two burners operating at full capacity until 3 per cent was left in a 20-
gallon tank.
With a 3- or 4-row cultivator a tank of 70- to 120-gallon water
capacity should be used, and then this tank can be filled to about 90 per
cent with the propane or butane. Some form of vaporizer should be used
with the 3- or 4-row machine in order to get uniform pressure to the
burners. These vaporizers are heated by the exhaust or cooling water
of the tractor engine, or by a small flame. Some vaporizers have auto-
matic controls while others are regulated manually. It may be necessary
to curtain the front of a tractor radiator on cool days in order to keep
the tractor engine up to the best operating temperature (180 °F. for
gasoline or 200 °F. for tractor fuel) if a hot water vaporizer is used.
In using either a hot water or exhaust vaporizer the rubber hose or flex-
ible metal pipe should be insulated in order to get the maximum heat
to the vaporizer. When using an exhaust vaporizer, care must be taken
that back pressure is not put on the engine or this may result in burned
exhaust valves. Vaporizing of butane from a liquid to a vapor at the
same temperature requires approximately 800 heat units (B.T.U.) per
gallon of fuel.
The small user can perhaps best use the butane or propane in
individual cylinders obtainable from a central "bottled gas service." The
next step is to be close enough that the tank on the cultivator can be
filled once per day by the butane or propane dealer. However, the most
satisfactory plan for the medium and large users will be to have their
own storage tanks, buy in large quantities and fill the tanks on their
own equipment.
In most cases the difference between the pressure in the storage
tank and the almost empty tank on the cultivator will cause the liquid
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gas to flow; however, a simple pump, either hand-operated or operated
by an explosion proof electric motor, will speed up and give a quicker
positive filling. These special pumps, storage tanks, etc, can be obtained
from local liquified petroleum gas dealers. Many of the storage tanks
are mounted on skids; however, elevating the tank, as shown in Figure 9,
will aid in filling by gravity. It has become a common practice in Lou-
isiana to allow the vaporized gas in the top part of the tank being filled
to escape, reducing the tank pressure and speeding up gravity filling.
Figure 9. Elevated farm storage tank for butane or propane.
However, in buildings, congested areas, and in some sections because of
laws, a vapor equalizing hose is connected between the top of the tank
being filled and the storage or delivery tank. If the equalizer hose is not
used care should be taken that there is no open flame within 100 feet.
If one builds his own flame cultivator or buys a factory built com-
plete unit, the pressure tank for liquified gas should be made according
to the code specifications of either the A.S.M.E. or the A.P.I. - A.S.M.E,
and should be built by some experienced and licensed manufacturer of
pressure tanks. In addition to meeting the code on material and manu-
facturing, the tank must carry the necessary safety valve, filling valve
gauge, etc. The Louisiana law on liquified petroleum gases has several
clauses designed for the safety of persons and property. One clause states
that all containers for liquified petroleum gas must be sold and installed
under the supervision of a bonded dealer in liquified petroleum gas.
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By Agricultural Engineering
Figure 10. — Suggested setting of sweeps and burners where both cultivating and flaming
are being done in one operation.
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SUMMARY
Set burners in a staggered design so that each row is flamed by two
burners, one from each side. Do not let the flames meet, causing the
flame to shoot up the plants, but arrange the burners close enough so
as to relight one another.
Direct flame at the base of the plant.
Flame while grass and weeds are small.
Cotton should be at least 6 to 8 inches tall and 3/16 inch in diameter
at ground line for first flaming. Sugarcane can be flamed from 4 to 6
inches tall.
Frequent scorching or light burning is better than a heavy severe
burning.
Flaming and cultivation can be carried out simultaneously, either
by mounting burners on cultivator beams, or cultivators in front of the
tractor and the burners behind the tractor.
Hand hoeing can be eliminated except for chopping an occasional
large weed.
Weeding by flame can be performed at one third or less as compared
to the cost of hand hoeing.
Where there is a heavy growth of grass it may be necessary to flame
at night or early in the morning on the second and third flamings. This
is due to the fact that some of the grass is dead and dry, and during
the day this grass would catch fire and damage the plant.
A better adjustment of the flame cultivator can be done at night
as the flame path can be seen better then.
Set sweeps as flat as possible in order that flame can burn grass
to the ground and not have a ridge of dirt partly protecting the grass.
Suggested sweep and burner arrangement is shown in Figure 10.
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